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Abstract
Determining the accurate rate of human 
parasite infections is of great importance in 
developing a strategy to prevent the infections. 
We aimed to demonstrate the parasite infection 
rates in people living in a high altitude area of La 
Paz, Bolivia. Feces were collected from 301 
people, but 274 (137 males and 137 females) 
were considered as our study subjects because in 
27 the age or sex was unknown. Feces were 
examined by the formalin-ether medical 
sedimentation method to find helminth eggs and 
protozoan cysts. The rates of helminth, protozoal 
and mixed infection with both of them were 1.8% 
(5), 39.1% (107) and 2.9% (8) cases among 274 
examinee, respectively. The rates of the 4 
helminth detected were as follows: 0.7% (2), 
Ascaris lumbricoides; 2.2% (6) Trichuris 
trichiura; 2.2% (6) Hymenolepis nana; 0.4% (1) 
Strongyloides stercoralis; and those of 5 
protozoan parasites were 15.0% (41) Giardia 
lamblia; 3.3% (9) Entamoeba histolytica: 22.6% 
(62) Entamoeba coli; 4.7% (13) Endlimax nana; 
1.1% (3) Iodamoeba buetschlii, respectively. The 
Infection rates were 42.3% (58/137) in males and 
45.3% (62/137) in females. No significant 
differences were recognized in the detection rates 
between the males and the females. However, the 
infection rate of 7.7% (2/26) of E. coli in the 
females at age of 15 years and elder was 
significantly lower than that of 29.7% (33/111) in 
those younger less than 15 years old. Protozoal 
infection accounted for a large portion of the 
parasite infections among the subjects. Preventive 
measures against parasite infections in this area 
should largely focus on protozoal infections.
Introduction
Intestinal parasites have been found to be 
among the most common infections in the poorest 
people living in the Latin American and 
Caribbean regions [1,2]. In particular, intestinal 
parasite infections among children lead to severe 
diarrhea and nutritional deficiency. In children 
with a poor state of general health, diarrhea due 
to parasite infection is frequent and severe [3-5]. 
The World Health Organization has described 
parasitic disease as “the neglected tropical 
disease” and has focused on a comprehensive 
approach to parasitic disease that encompasses 
not only medical treatment but also seeks to 
alleviate poverty and improve education [6-9].
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Bolivia has one of the highest rates of intestinal 
parasite infection [10]. Tanner et al. [11] found 
that the parasite infection rates in people living in 
lowland Bolivia were as follows: 76% 
Ancylostoma or Necator, 7% Ascaris lumbricoides, 
and 5% Trichuris trichiur, with a 77% overall 
infection rate. On the other hand, Flores et al. [12] 
reported that the rates of parasite infection among 
school children living in La Paz (the capital city 
of Bolivia) were as follows: 11.6% A. 
lumbricoides, 8.4% T. trichiur and 2.1% mixed 
infection with both of them. However, among the 
general community those were: 14.9%, 13.9% 
and 5.0%, respectively.
The infant mortality rate is very high in Bolivia 
because of the severe living environment. 
According to World Health Statistics 2013, about 
39 of 1,000 babies died before reaching 1 year of 
age in Bolivia in 2011 [13]. In addition, about 
51of 1,000 babies died before reaching 5 years of 
age in 2011 [14]. Those high mortality rates may 
be explained by intestinal parasite infections or 
malnutrition [15]. However, no group feces 
examination or anthelmintic prescription has been 
conducted in this area because parasite infections 
are not consisted to associate directly with death.
This study was conducted as a preliminary 
investigation for contributing to the measures for 
the prevention of parasite infection in La Paz. 
Based on the obtained results, we aim to assist 
health professionals in taking measures to against 
parasite infection.
Subjects and methods
Study area
La Paz has a population of 1,900,000 people 
and is the capital of Bolivia, and is on a plateau 
3,000-4,000 meters above sea level. Our research 
area, Asis, is located at a height of 3,800 meters 
above sea level, and the annual mean temperature 
is 7-10°C. This study was conducted with the 
cooperation of the San Francisco Hospital in Asis 
between February 13 and 19, 2012.
Subjects
Although feces were collected from 301 
people, 274 (sex; 137 males and 137 females, 
mean age; 8.2 and 12.2, range; 1-54 and 1-71 
years old, respectively) were included as our 
study subjects because the age or sex was 
unknown in 27 cases. All 274 subjects were 
assigned to the following two age groups: less 
than 15 years old, or 15 years and elder.
Feces examination
The feces examination was carried out using 
the formalin-ether sedimentation method [16].
Iodine solution was used for the proper 
observation of protozoans. 
Definition of parasitosis, Handling after the 
examination
When helminth eggs or protozoan cysts were 
detected in feces, we considered the subject to 
have a parasite infection [17]. The subjects were 
informed of all of the results, and the 
administration of vermicide to infected subjects 
was carried out by a medical doctor from the 
cooperating hospital.
This study was approved by ethics committee 
in Niigata University of Health and Welfare 
(17298-120125).
Statistical analysis
All statistical procedures were performed using 
statistical analysis software (IBM SPSS Statistics, 
ver. 17). To compare the infection rates between 
males and females, or by age group, we used the 
chi-square test or Fisher’s exact probability test. 
Differences were considered significant when the 
p-value was less than 0.05. 
Result
Table1 shows the infection rates of helminth 
and protozoa by gender. The number of parasite-
infected subjects was 120 (43.8%) out of 274. 
The rate of helminth, protozoa and mixed 
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infection were 1.8% (5), 39.1% (107) and 2.9% 
(8) cases among examinee. No significant 
differences were recognized in the infection rates 
between males and females, as the rates were 
42.3% (58/137) in males and 45.3% (62/137) in 
females.
Table 2 shows the infection rates of the type of 
helminth and protozoa by gender and age-group.
The numbers of helminths and protozoa detected 
in all subjects were as follows: 2 (0.7%) A. 
lumbricoides; 6 (2.2%) T. trichiura; 6 (2.2%) 
Hymenolepis nana; 1 (0.4%) Strongyloides 
stercoralis; 41 (15.0%) Giardia lamblia; 9 (3.3%) 
Entamoeba histolytica: 62 (22.6%) Entamoeba 
coli; 13 (4.7%) Endlimax nana; 3 (1.1%) 
Iodamoeba buetschlii. No significant differences 
in the rates were found between the two age 
groups in males and females. However, in 
females, the infection rate of E. coli (7.7%) 
among the group of 15 years and elder was 
significantly lower compared with that (29.7%) 
among the other of less than 15 years.
Discussion
In this study, we found 120 parasite-infected 
people (43.8%). Of these 120 infected people, 5 
(1.8%) were infected with helminths, 107 (39.1%) 
were infected with protozoa, and 8 (2.9%) were 
infected with both helminths and protozoa.
The helminth infection rates in Bolivia have 
been previously reported [3], but few reports exist 
on the protozoan infection rate [12]. Thus, we 
conducted this study to clarify the helminth and 
protozoa infection rates in La Paz. The infection 
rate of helminth (1.8%) was about 1/21 of that 
(39.1%) of protozoa. Our finding that the 
helminth infection rate is lower than that of 
protozoa is related to the unique weather 
conditions in the study area. Our study area, Asis, 
is located at an altitude 3,800 meters above sea 
level, and the annual mean temperature is stable 
at a low temperature of about 12°C. Generally, 
helminth eggs are secreted from the body along 
with peopleʼs feces, and they then develop into an 
infective larva under temperature conditions of 
more than 25°C [18]. Helminth infections are 
caused by the ingestion of the infective larva.
Therefore, the main reason in the low infection 
rate of helminth is due to the weather conditions, 
as helminth eggs are unable to develop into 
infective larva in such low temperatures.
The infection rates (both 2.2%) of T. trichiura 
and H. nana were the highest among the 
helminths we detected. Of the 6 people infected 
with T. trichiura, 4 were amphiscians living in the 
Yungus area located at 1,700 meters above sea 
level, near Asis. The average temperature in 
Yungus is higher than that in Asis. Under such 
warmer weather conditions, helminth eggs 
excreted in feces can easily develop into infective 
larva, and people are more likely to be infected 
via the consumption of the embryonated egg. On 
the other hand, all H. nana eggs were detected in 
children 10 years old or younger. Hymenolepis is 
Table 1. Infection rates of helminth and protozoa by gender 
Gender No. of Subjects Helminth Protozoa Mixed infection Total 
Male 137 2 (1.5)  50 (36.5) 6 (4.4)  58 (42.3)
Female 137 3 (2.2)  57 (41.6) 2 (1.5)  62 (45.3)
Total 274 5 (1.8) 107 (39.1) 8 (2.9) 120 (43.8)
Mixed infection means infection with helminth and protozoa.
Each infection rate (%) is shown in parentheses.
54
Running head: Parasite infections in a high altitude area of Bolivia
Ta
bl
e 
2.
 In
fe
ct
io
n 
ra
te
so
f t
he
 ty
pe
s 
of
 h
el
m
in
th
 a
nd
 p
ro
to
zo
a 
by
 g
en
de
r a
nd
 a
ge
-g
ro
up
s
N
um
be
r o
f 
Su
bj
ec
ts
H
el
m
in
th
Pr
ot
oz
oa
As
ca
ris
lu
mb
ric
oi
de
s
Tr
ic
hu
ri
s
tr
ic
hi
ur
a
Hi
me
no
lep
is
na
na
St
er
co
ra
l
str
on
gy
lo
id
es
G
ia
rd
ia
 
la
m
br
ia
En
ta
m
oe
ba
hi
st
ol
yt
ic
a
En
ta
m
oe
ba
 
co
li
En
do
lim
ax
na
na
Io
da
m
oe
ba
bu
et
sc
hl
ii
M
al
e
   
   
- 1
4
12
4
1 
(0
.8
)
2 
(1
.6
)
4 
(3
.2
)
1 
(0
.8
)
21
 (1
6.
9)
3 
(2
.4
)
24
 (1
9.
4)
4 
(3
.2
)
1 
(0
.8
)
15
-
 1
3
1 
(7
.7
)
1 
(7
.7
)
0 
(0
.0
)
0 
(0
.0
)
 4
 (3
0.
8)
0 
(0
.0
)
  3
 (2
3.
1)
0 
(0
.0
)
0 
(0
.0
)
To
ta
l
13
7
2 
(1
.5
)
3 
(2
.2
)
4 
(2
.9
)
1 
(0
.7
)
25
 (1
8.
2)
3 
(2
.2
)
27
 (1
9.
7)
4 
(2
.9
)
1 
(0
.7
)
Fe
m
al
e
   
   
- 1
4
11
1
0 
(0
.0
)
1 
(0
.9
)
2 
(1
.8
)
0 
(0
.0
)
13
 (1
1.
7)
6 
(5
.4
)
33
 (2
9.
7)
8 
(7
.2
)
1 
(0
.9
)
15
-
 2
6
0 
(0
.0
)
2 
(7
.7
)
0 
(0
.0
)
0 
(0
.0
)
 3
 (1
1.
5)
0 
(0
.0
)
  
2 
( 7
.7
)*
1 
(3
.8
)
1 
(3
.8
)
To
ta
l
13
7
0 
(0
.0
)
3 
(2
.2
)
2 
(1
.5
)
0 
(0
.0
)
16
 (1
1.
7)
6 
(4
.4
)
35
 (2
5.
5)
9 
(6
.6
)
2 
(1
.5
)
M
al
e 
an
d 
Fe
m
al
e
   
   
- 1
4
23
5
1 
(0
.4
)
3 
(1
.3
)
6 
(2
.6
)
1 
(0
.4
)
34
 (1
4.
5)
9 
(3
.8
)
57
 (2
4.
3)
12
 (5
.1
)
2 
(0
.9
)
15
-
 3
9
1 
(2
.6
)
3 
(7
.7
)
0 
(0
.0
)
0 
(0
.0
)
 7
 (1
7.
9)
0 
(0
.0
)
 5
 (1
2.
8)
 1
 (2
.6
)
1 
(2
.6
)
To
ta
l
27
4
2 
(0
.7
)
6 
(2
.2
)
6 
(2
.2
)
1 
(0
.4
)
41
 (1
5.
0)
9 
(3
.3
)
62
 (2
2.
6)
13
 (4
.7
)
3 
(1
.1
)
In
fe
ct
io
n 
ra
te
 (%
) i
n 
ea
ch
 a
ge
-g
ro
up
 is
 sh
ow
n 
in
 p
ar
en
th
es
es
.
*:
 p
 <
 0
.0
5 
(c
om
pa
ris
on
 b
et
w
ee
n 
fe
m
al
e 
ag
e 
gr
ou
ps
 le
ss
 th
an
 1
5 
ye
ar
s a
nd
 th
os
e 
of
 1
5 
ye
ar
s a
nd
 e
ld
er
)
55
Niigata Journal of Health and Welfare Vol. 13, No. 1
generally found in the feces of rats, and the 
intermediate hosts are sitophilus or fleas [19].
People are infected with H. nana due to the 
accidental ingestion not only of the feces of 
infected rats but also of the intermediate hosts. In 
addition, after the infection, H. nana causes 
autoinfection in the small intestine [20]. For this 
reason, we considered that children having almost 
no knowledge on how to protect their health are 
infected by H. nana, and that the infection 
persists through the autoinfection.
In contrast to helminths, protozoa remain 
infective for more than 30 days even under low 
temperature conditions because of encystment 
[21,22]. Therefore, protozoa are capable of being 
transmitted to humans and causing infection at 
any time if the cysts are ingested. This is the main 
reason that the infection rate of protozoa was 
higher than that of helminth.
In our study, no significant differences in the 
infection rates of protozoa were found between 
males and females or between the two age-
groups. Thus, our data showed that protozoal 
infection is spreading among all age groups. 
Protozoal infection is transmitted through the 
ingestion of drinking water or foods containing 
the cysts. Our data suggest that all of the people 
living in the study area are vulnerable to protozoal 
infection due to their frequent contact with the 
water or foods polluted with sewage. 
Nevertheless, among females, the infection rate 
(7.7%) of E. coli in age group of 15 years and 
elder was significantly lower compared with that 
(29.7%) in the group less than 15 years in age. 
This lower infection rate may reflect the increased 
concern regarding health among female high 
school students and adult women. Thus, it is 
important to promote health education among the 
people living in La Paz in order to help 
preventing parasite infections. 
In summary, the people living in Asis had a 
higher likelihood of infection with protozoa than 
with helminths. The result of our study induced 
the strong interest of professional in this area and 
may contribute to a significant reduction of the 
parasite infectionrate among school students and 
adult women. Health education, group faces tests, 
mass deworming, and the rapid improvement of 
water and sewage infrastructures are needed to 
prevent outbreaks of parasitic diseases and 
preventive measures against protozoa infections 
should take priority over measures against 
helminth infections in this area.
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